Purification of genomic DNA from biological samples is a requisite initial step in the performance of many molecular diagnostic assays. Traditional purification methods based on phenol-chloroform extraction and ethanol precipitation have been largely supplanted by adsorption and elution procedures based on silica and coated magnetic bead matrices. In most applications, the purified genomic DNA must be physically separated from the adsorption matrix before downstream processes such as amplification by PCR. Separation is done to reduce inhibitory effects of adsorption matrices on amplification processes, which may result from matrix interactions with enzymes and other reaction components (1 ). The requirement for separation necessitates the addition of a transfer step performed by either manual or robotic means.
To further streamline molecular diagnostic analyses, new purification matrices are needed. Specifically, a matrix capable of purification that does not inhibit amplification chemistries would open the path to development of instrumentation that performed purification, amplification, and detection in an integrated format. We have been investigating the properties of a commercially available porous aluminum oxide membrane (AOM) (2 ) for nucleic acid purification. Commercially available AOM, distributed under the trade names Anopore TM and Anodisc TM by Whatman, Inc., are manufactured with pore size options of 20, 100, and 200 nm and a membrane thickness of ϳ60 m. The membranes are rigid, with low autofluorescence and a porosity of 50%, allowing for high liquid flow rates. The membrane core component is aluminum oxide, which is relatively biologically inert but can be derivatized to display functional amine groups by silanization. In addition to standard filtration applications, AOM have been used as a support matrix for cell growth (3 ) and as a substrate for enzyme immobilization in biosensor applications (4 ). Here we describe conditions for AOM-based purification of genomic DNA (gDNA) from human blood in which blood is lysed and gDNA is localized to the AOM surface by filtration. We amplified target sequences within the localized gDNA in the presence of the membrane.
To assess the impact of AOM on PCR (data not shown), we prepared ␤-globin calibration curves with Qiagenpurified gDNA, using half-log increments of gDNA quantities ranging from 100 pg to 320 ng, in the absence or presence of an 8.04-mm 2 , and SYBR Green I dye. The reactions were cycled 45 times with a 20-s denaturation step at 95°C and a 30-s annealing step at 55°C, followed by a 30-s extension step at 72°C. Fluorescence acquisition was done during a 10-s 80°C hold after extension. Melting curves were obtained after cycling by denaturing samples for 30 s at 95°C and then cooling to 70°C for 10 s and subsequently increasing the temperature by 0.5°C every 10 s, during which fluorescence was acquired. All data [crossing point (C p ) and melting curves] were analyzed with the iCycler iQ data analysis software.
␤-Globin amplification curves in the absence and presence of the membrane demonstrated increasing C p values with decreasing quantities of gDNA, shifting ϳ1.6 cycles with each half-log dilution, with no amplification detected in the no-template control. A single melting peak at ϳ85°C, representing the melting temperature of the 110-bp ␤-globin amplicon, was observed in reactions containing gDNA, with or without AOM, consistent with previously reported results (6 ). An additional peak at ϳ75°C was observed that decreased with increasing gDNA and was the sole peak observed in the no-template control, thus likely corresponding to primer-dimer. Because fluorescence acquisition was done at 80°C, the primer-dimer amplification did not influence the actual amplification curves (7 ) . A plot of the C p values vs the log of the amount of gDNA in the absence or presence of AOM demonstrated that the membrane had no discernable impact on PCR. The regression lines for each calibration curve overlapped with nearly equivalent slopes. Using a method for determining PCR efficiency based on the relationship of the slope of the calibration curve and exponential amplification of the amplicon (8 ):
we found that the relative PCR amplification efficiency, in the absence or presence of AOM, approached 100%, or a doubling of product each cycle (ϳ3.3-cycle change between log changes in DNA). Although this method did not take into account the absolute PCR efficiency within each reaction (9, 10 ) , it was suitable for these comparisons and demonstrated that the AOM had no inhibitory effect on PCR.
We lysed 1 L of human whole blood that had been drawn into tubes containing dipotassium EDTA, sodium citrate, or sodium heparin as anticoagulant for 1 min at room temperature in a 100-L final volume of 200 mmol/L NaCl, 10 mL/L Triton X-100, and 2.5 mg/mL Proteinase K (50 U/mg; Sigma). The lysate was then filtered through an AOM disc mounted on a specialized filtration card with 8.04-mm 2 wells fabricated for this study. Filtration was performed under standard house vacuum, and 100 L of lysate flowed completely through the AOM in Ͻ30 s. After filtration, the membrane was washed with 100 L of 200 mmol/L NaCl and then separated from the card and transferred to a PCR reaction tube containing the aforementioned PCR master mixture. DNA amplifications, melting curves, and data analysis were carried out as described above with the exception that fluorescence acquisition during amplification was at 82°C to eliminate artifacts attributable to nonspecific priming. Various lysis conditions were tested, and we determined that the conditions described above rendered a lysate that flowed rapidly through the AOM and allowed for robust localization of gDNA as determined by C p values in real-time PCR.
Amplification curves (Fig. 1A) revealed that amplicons were produced in the lysates from blood collected in all anticoagulants filtered on AOM, with C p values indicating the presence of 3-12 ng of gDNA (26 -29 cycles; Fig.  1B) . Furthermore, melting analysis (Fig. 1C) demonstrated that the amplification products were specific, representing the 110-bp ␤-globin amplicon, with a melting temperature of ϳ85°C. The fact that equal volumes of citrate-, EDTA-, or heparin-anticoagulated blood yielded amplicons with equivalent C p values indicated that the PCR inhibition usually associated with citrate and heparin by other preparative nucleic acid methods (11, 12 ) was not an apparent factor after localization of the gDNA to the membrane and subsequent amplification. Although the theoretical estimate of the gDNA content in 1 L of whole blood [mean leukocyte count ϳ7000 cells/L, measured on a Coulter AC.T (Beckman Coulter, Inc.)] suggested that ϳ50 ng should have been present on the membrane, the AOM capacity for a monolayer of DNA is ϳ1.6 ng/mm 2 (based on the surface area of a double-stranded DNA molecule Ͼ1000 bp); thus, at capacity, an 8.04-mm 2 AOM would saturate at ϳ13 ng. Another factor, the increase in temperature for fluorescence acquisition, led to an apparent decrease in PCR efficiency of 25%, based on the calibration curve as illustrated in Fig. 1B , as a result of a decrease in the amount of double-stranded amplicon, and subsequently the intercalated SYBR Green I, present during fluorescence acquisition. Considering the apparent AOM capacity and the apparent decrease in exponential amplification, the mean gDNA yield based on C p values was comparable to that of silica-based purification methods such as the QIAamp DNA Blood Kit (Qiagen), which reports 15-60 ng of total nucleic acid per 1 L of whole blood. Notably, the Qiagen purification protocol requires several centrifugation or vacuum steps and a final elution, with the silica matrix being inhibitory to PCR amplification.
We conclude that localization, amplification, and detection of nucleic acid targets from biological samples such as whole blood is feasible on and in the presence of the AOM. Furthermore, the process, as we have described it here, is rapid and avoids several of the drawbacks of current nucleic acid purification methods, such as accumulation of inhibitory factors, inhibition of enzymatic processes by the matrix itself, the need for many manual or robotic steps, and ultimately the consumption of time.
We have also demonstrated (data not shown) that this process can allow for genomic analysis of severely hemolyzed blood, analysis of HIV RNA directly from plasma, and genotyping from bacterial cultures. We are currently investigating the nucleic acid capacity of the AOM and have developed and fabricated a self-contained reaction tube consisting of the AOM on a scaffold for filtration, which is then sealed for PCR, thus eliminating the need for separation of the AOM from a filtration device. Experiments are underway to develop this technology into a high-speed, stand-alone molecular diagnostic device capable of rapid isolation and analysis of nucleic acids for a variety of clinical diagnostic analyses. The technologies currently available for nucleic acid analysis in the clinical laboratory rely on target amplification methods, such as PCR or transcription-mediated amplification, or signal amplification methods, such as branchedchain DNA, hybrid capture, Invader technology, and fluorescent in situ hybridization. In current nucleic acid analyses, a multistep process consisting of sample preparation and purification followed by amplification and detection is required. A comprehensive method for direct localization and visualization of individual molecules would provide an additional method for qualitative or quantitative nucleic acid analysis. We evaluated a nanoporous aluminum oxide membrane (AOM) as a support for direct localization and visualization of individual nucleic acid molecules. The process described here allows , melting curve analysis for the samples above (lines are the same as for amplification curves in A). Note the single peak in the no-template control at ϳ75°C, which represents primer-dimer, and the ␤-globin product peak at ϳ85°C in all gDNA samples as well as in the blood samples.
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